Since material starvation has become a serious issue, reuse and recycling are required to recover parts and materials from End-of-life assembled products. As the assembled products are composed of variety of parts, manual disassembly is required that has higher cost. To establish environmental and economic recycling factories, a disassembly parts selection is carried out to promote higher a recovery rate but the lower cost. The environmental and economical disassembly parts selection by material recycling and disposing has been proposed in the literature. However, the reuse for the parts has not been considered. This study proposes the disassembly parts selection with the reuse. First, data sets for the disassembly parts selection are addressed. Second, a disassembly parts selection with the reuse is formulated by using integer programming with ε constraint method. Third, behaviors of the recovery rate for the cost are observed in a case of a computer. Finally, changes of length of life time are analyzed.
INTRODUCTION
Since environmental issues such as material starvation have become serious [1] , economical reuse and recycling should be required to recover parts and materials from End-of-life (EOL) assembled products [2] [3] . Reuse is the recovery of EOL products with maintaining the functions of the product, while recycling is the recovery of EOL products without maintaining the functions [2] . From the environmental aspects, it is desirable to disassemble all the parts of the EOL products for reuse and recycling. As the assembled products are composed of variety of materials and parts, manual disassembly is still required which tends to have higher cost due to labor work [2] [3] . Therefore, disassembling the all parts within the product becomes impractical by higher cost [4] [5] . To overcome this issue, partial or selective disassembly methods are researched [3] [4] [5] [6] [7] [8] [9] . Smith et al. (2016) [3] decided for each part to repair, replace, or recycle or to shred, but life time parameter or obsolescence are not considered. Kibum et al. (2006) [8] considered refurbish which is one type of reuse. However, only cost parameters were considered, and they did not consider the environmental obejective such the recycling rate. Igarashi et al. (2014) [9] proposed an environmental and economical disassembly parts selection considering the recycling rate and cost. They used Recyclability Evaluation Method developed by Hitachi Ltd [10] [11] and 3D-CAD product models to estimate the recycling rate and cost. Though the reuse is more environmentally and economically friendly than recycling [3] [12], they considered only recycling and disposal, and the parts reuse was not considered. Moreover, the reuse parts of EOL assembled products brings obsolescence, which occurs [3] due to its life expectancy and usage years of the EOL assembled product. There are two types of life expectancy: the physical life expectancy and the value life expectancy [1] . As time proceeds, when the functions of a product cannot satisfy the user or when the failure rate is over the preferred rate, the physical life expectancy expires. On the other hand, when the value expectancy expires, the satisfaction demand by the users are changed, so that the product can no more satisfy the users. This case is also called value obsolescence [1] . Therefore, the value life expectancy should be considered since the user's satisfaction is changed rapidly these days. This study proposes a disassembly parts selection with minimization of cost and maximization of recovery rate including both recycling and reuse with life expectancy of parts, and analyzes the changes of length of life time for an EOL assembly product. The outline of this paper is as follows: Section 2 addresses the procedures in designing the disassembly parts selection with reuse. In section 3, the disassembly parts selection including parts reuse is formulated by using 0-1 integer programming [13] with ε constraint method [14] based on Igarashi et al. (2014) [9] . Additionally, a straight line depreciation method [15] is adopted to estimate reuse costs of the parts. Section 4 discuses and analyzes the behaviors of the recovery rates for the costs and the results of the parts selection in a case of a computer. Next, aging effects are observed by changing the usage years of the product. Finally in section 5, conclusions and future studies are summarized.
METHOD OF DISASSEMBLY PARTS SELECTION INCLUDING REUSE
2.1 Procedure of disassembly parts selection with reuse This section proposes procedures of the disassembly parts selection including reuse with minimization of cost and maximization of recovery rate. Figure 1 shows the procedures of designing the disassembly parts selection considering the reuse. The procedures are consisted of 3 steps listed below. In Step 1, the recycling rate and the recycling cost are estimated.
(1) Similar to Igarashi et al. (2014) [9] , a 3D-CAD model of an assembly product is used to grasp material types, weights, types of disassembly tasks and precedence relationships [12] In
Step 2, the disassembly parts selection is formulated.
(1) This environmental and economical disassembly parts selection is considered as a bi-objective problem [14] . It is desirable to maximize the recovery rate but to minimize the recovery cost. To implement the biobjective problem, this study uses Integer Programming [13] with the constraint method [14] as well as Igarashi et al. (2014) [9] . (2) To reuse the parts or the whole product, the used period and condition of End-of-life (EOL) products must be considered due to changing the value for the cost of EOL products [4] . In this study, it is assumed that the value for the cost is decreased regarding as the usage year becomes longer. The life expectancy for each part [15] and used years for the assembled product are set, respectively. When the used years reach the life expectancy of a part, a residual value, which is also known as salvage value or scrap value, becomes 0. Additionally, collected EOL parts which are used for several years are depreciated by the straight-line method from accounting [16] . In Step 3, the disassembly parts selection is operated by updating the disassembly precedence relationship.
(1) The precedence relationship of the product is updated based on the disassembly parts selection. (2) The selected parts are manually disassembled and then either reused or recycled. The non-selected parts are removed from the precedence relationship.
2.2 Relationship of total recovery rate and cost for reuse, recycle and disposal According to [2] [17], recycling is defined as material recycle, which is to delete the functions of parts or products and recover the materials out of scrap from the EOL products. Reuse is also defined as spare parts reuse, which is to reuse the parts from the EOL products for maintenance a replacement without deleting the functions of parts or product. Dispose is to throw away the parts or products that are not used again [17] . Table 1 shows the relationship of the recovery and cost for this study. The recovery rate is the sum of recycling and reuse rates, where both rates mean a ratio of the recyclable weights of each part against a product. The recycling rate is calculated with Recyclability Evaluation Method (REM) [10] [11] based on the loss of the materials in recycling the parts into raw materials. Prices for the reused parts and the parts become 0, in other words, they are not effective for reusing, and the reuse rate is set as 0%. The recovery cost for the reuse is the sum of sales revenue by the reused parts, disassembly and disposal cost for the reuse. The cost for the recycling is the sum of sales revenue by recycled materials, landfill and disassembly costs. The disposal cost, sales revenue by the recycled materials, landfill and disassembly costs for each part are also calculated by the REM as well as the recycling rate.
When a part is recycled, the recycling rate and sales revenue by the recycled materials and landfill cost are increased, although the disassembly cost is also increased. When a part is reused, the reuse rate and sales revenue by the reused parts are increased, while the disassembly cost is increased. When a part is disposed instead of recycling or reuse, the recovery rate is decreased without cost. In this study, negative values for the cost represent positive profit, which means that the profit is earned by recycling and reuse from the EOL collected assembly products.
METHOD OF DISASSEMBLY PARTS SELECTION

Notation and assumptions
In this section, Step 2 is identified to formulate the disassembly parts selection. The bi-objective disassembly parts selection using 0-1 integer programming [13] based on Igarashi et al. (2014) [9] is expanded to adopt selecting the reuse with a life expectancy. Based on Igarashi et al. (2014) [9] , it is assumed that one type of EOL product is considered, which contains all its parts. Each part has only one disassembly task, and the precedence relationship is only one disassembly alternative represented. The notation used in this paper is as follows: 
Formulation of the problem
For the environmental and economical disassembly parts selection with the reuse, two objective functions are prepared. The first objective function C in Eq. (1) is to minimize the sum of the all costs that are caused by recycling and reusing the parts. In order to consider the obsolescence of parts of the EOL products, the reuse cost is depreciated by the straight-line method from accountings [16] . The second objective function R is to maximize the sum of the recovery rate in Eq. (2) . To solve the bi-objective optimization, 0-1 integer programming [13] including constraint method [14] is used similar to Igarashi et al. 
To harmonize the two objectives functions in Eq.(1) and Eq.(2), the second objective function Eq.(2) is tranposed to a constraint Eq.(3) by using constraint method. By changing gradually in Eq.(3) as each target recovery rate at the whole product, a pareto optimal solution by constraint method is obtained.
In this study, three constraints are also set to solve the disassembly parts selection including reuse.
Eq.(4) is the constraint of precedence relationship. If the preceding parts are crushed, their succeeding parts cannot be disassembled. At part j, only one decision from either recycling, reuse or dispose is selected with Eq.(5). When the usage years exceeds the life expectancy, reuse cannot be selected for part j by Eq.(6). 
Product Example
In this section, a case study of a computer is prepared as an example of assembly products which has 4 usage years. The computer consists of 14 parts. 0-1 integer programing [13] is utilized for decision-making either to reuse, recycling or dispose each part by using software GLPK [19] . Table 2 shows the bill of materials (BOM) in a case of a computer of 4 usage years including brake down of cost (reuse, recycling and disposal cost) [10] [11] [18] , life expectancy for each part and the results of the disassembly parts selection for each part. Figure 2 shows the disassembly precedence relationships after conducting the disassembly parts selection of the computer when a target recovery rate is 0%. The arrows show the precedence relationship which is constrained by Eq. (3), while the dotted line shows no constraint. The dotted black and green boxes represent recycled and reused parts, respectively. "x" in the box means disposed parts which are not disassembled.
RESULTS
Results of disassembly parts selection including reuse
This section discusses the results of the disassembly parts selection with the reuse. Based on the data sets estimated in step 1 and the precedence relationship of the computer as shown in Figure 2 , experiments for the disassembly parts selection including reuse are conducted with 0-1 integer programming in step 2. Figure 3 shows the behavior of the recovery cost C for the recovery rate R. The horizontal axis shows the recovery rate while the vertical one means the total recovery cost. The recovery cost monotonically increases as the recovery rate increases. From Figure 3 , 5 solutions are obtained by changing the target recovery rates. Also, the all 5 solutions have negative costs, which means the positive profit. Moreover, the recovery rate for the all solutions exceeds 90% .The reason why the all recovery rates are over 90% is that 9 out of 14 parts have a negative value for the cost by reuse or recycling. Table 2 shows all results of disassembly parts selection and cost for each target recovery rate at the whole product. When the target recovery rate is 0%, the parts such as #1 Fan controller, #3 PCI board, #13 Memory and #14 Mother board are reused. Additionally, #2 Cable, #4 HDD, #5 FDD, #6 CDD, #8 Big fan and #10 Small fan are recycled. The other parts for # 7 Switch, #9 Big fan cover, #11 Inside switch and #12 Speaker are disposed. As shown in Table2, the part #1 Fan controller, #3 PCI board, #13 Memory and #14 Mother board were always reused because of the negative reuse cost. The other 6 parts such as #2 Cable, #4 HDD, #5 FDD, #6 CDD, #8 Big fan and #10 Small fan were recycled since the recycling cost of these parts were negative. Moreover, the material type of #4 HDD, #5 FDD, #6 CDD, #8 Big fan and #10 Small fan are AL/AL alloy, and additionally, the weights of these parts are over 500 [g] . It is observed that the above 5 parts have heavier weights than ones on the average. Therefore, the parts whose material type is AL/AL alloy and weights are over 500 [g] are selected for recycling. On the other hand, #2 Cable is recycled though its material type is not AL/AL alloy, and it is lighter than 500 [g]. The reason is that #2 Cable is the preceding part for #4 HDD, #5 FDD and #6 CDD as shown in Figure 1 . Therefore, to recycle the profitable parts #4 HDD and #6 CDD, #2 Cable should be also disassembled then recycled. When the target recovery rate increases from 0% to 92%, #12 Speaker changes to the reuse instead of the disposal. At the recovery rate between 92% to 97%, #11 Inside switch is changed from the dispoal to the reuse. On the other hand, when the recovery rate becomes 97%, #12 Speaker is disposed again, and #8 Big fan cover is switched from the dispoal to the recycling. Igarashi et al. (2014) [9] considered only the recycling rate for the disassembly parts selection to fulfill the target rates. On the other hand, this study considers both the recycling and reuse rates, which brings a higher recovery rate. For example, the reuse rate for #1 Fan controller becomes 0.81% although the recycling rate is 0%. Therefore, it means the disassembly parts selection with the reuse proposed in this study is able to achieve a higher recovery rate than one by the disassembly parts selection without the reuse [9] .
Effect of life time length
The length of life time changes for the products are observed in the case of computer in this section. By changing the usage years for 0, 4, 7 and 10 years, the disassembly parts selection is conducted as well as section 4.1. Table 3 shows the bill of the materials (BOM) including the life expectancy and the results of the disassembly parts selection in the cost minimization cases of 0, 4, 7 and 10 usage years with the results of the disassembly parts selection for each year. It shows that in the shorter usage years such as 0 years more than half of the parts are reused. Since the usage years of the product pass, the selection was switched from the reuse to either the dispose or recycling. This is because the reuse cost depreciates by increasing the length of life time due to the straight-line depreciation method. Figure 4 shows the behavior of the recovery rate R for the recovery cost C when the computer is used for 0, 4, 7 and 10 years, respectively. It is observed that in the experiments shorter usage years such as 0 to 4 years have the lower cost, while longer usage years bring higher the costs. For example, the recovery cost with 0 and 7 usage years becomes -1016.03 and -303.74, respectively. Additionally, the length of usage years and the maximum recovery rates are discussed as follows:
I. 7 vs. 10 usage years By the increments of usage years, the number of optimal solutions are increased. For example, the number of the solutions which have lower recovery rate with 7 usage years have twice as much as the ones with 0 usage year. One of the reasons is that the obsolescence occurs by the parts reuse cost and life expectancy, where the reuse cost increases. As a result, the solution of reuse is changed to recycling or disposal. For the 10 usage years of the product, 5 optimal solutions are obtained. It is found that the recovery rate is drastically decreased from one in other years.
In the other years, the maximum recovery rate is all 99.18% while the maximum recovery rate of 10 years usage is 83.79%, which means 15.39% lower. Regarding the life expectancy for each part, none of the parts is reused when the products are used for 10 years. Furthermore, the recycling rates of #1 Fan controller, #3 PCI board, #13 Memory, #14 Mother board are 0% but their reuse rates are not 0%. The 4 parts are able to increase the recovery rate by switching only reuse. When the usage years is 10 years, these 4 parts are unable to reuse because the recovery rate are 0% for the 4 parts. Therefore, the 4 part become preferable for disposal, and then the recovery rate decreases by 15.39%. II. Maximum recovery rate and minimum cost By comparing the cases between for 10 and the other usage years, from 76.5% to one for the other years as 91.89%, the maximum recovery rate is decreased by 15.39%. Since the residual values for the reused parts become 0 due to the obsolescence, the reuse were not selected so that the recovery rate did not reach more than 80%. With respect to the cost, when the reuse is not feasible unable as one of the selections, the minimum cost becomes -216.99. On the other hand, in the case with the reuse included as one of the selection, the minimum cost becomes -1016.03. Consequently, the parts selection with the reuse proposed in this study can be 4.68 times profitable than the former parts selection with only recycling [9] .
CONCLUSIONS
This study proposed a disassembly parts selection with the reuse and adopted it to the example of the computer. Conclusions are as follows:
 The changes of parts selection were observed by increasing the length of life time.

In the case of 4 usage years of computer, 5 optimal solutions are observed such that all solutions have over 90% for the recovery rate.
 By increasing the length of life time for the whole product, the number of solutions are increased. Moreover, solution which has lower recovery rate was increased towards the increase of the length of life time for the product.
 When the length of life time of the product is 10 years, the reuse rate of parts such as #1 Fan controller, #3 PCI board, #13 Memory, #14 Mother board becomes 0%. The maximum recovery rate with the 10 usage year product becomes lower by 15.39% than ones with the other years.
At the cost minimum results of 0 and 10 usage years, the cost becomes -1016.03 and -216.99, respectively. By considering the reuse in the parts selection, it is possible to earn 4.86 times higher profit than the case without the reuse.
Future studies should consider inspection or washing costs when reuse of parts, and adopt this method to other assembly products.
